The main objective of this study is to develop a framework to assess the leanness of companies in the automotive industry. Although lean manufacturing (LM) has been discussed in previous studies, leanness assessment is less investigated. Therefore, to fill this gap, this study is conducted to assess the leanness of three manufacturing companies with regard to different supply chain drivers. Principally, six drivers of facility, inventory, transportation, sourcing, pricing and information are selected as the major components of supply chains. The lean-related activities of each driver are identified and a benchmarked questionnaire is applied to assess the leanness of companies. Next, different leanness of each driver is calculated accordingly.
Introduction
Today's competitive market has changed the competition from companies to supply chains (SCs). With the advance of lean manufacturing (LM), its integration with supply chain strategy (SCS) is a proper plan for all SCs to increase their surplus (Galankashi et al., 2013a (Galankashi et al., , 2013b . Applying a functioning SCS is very critical in automotive industry. Although the SCS concept has been investigated by numerous authors (Christopher and Ryals, 1999; Towill, 2000, 2002; Curkovic and Sroufe, 2011; Frazelle, 2002; Vickery et al., 2003) , no effort has been conducted to link it to its operational activities of SC drivers (logistic and cross functional). Consequently, recognising, and applying the proper operational activities of SCS is a problem for researchers and managers (Fawcett et al., 2014; Wieland and Wallenburg, 2012; Galankashi et al., 2013a Galankashi et al., , 2013b Galankashi and Helmi, 2016) . Despite the fact that LM concept has been investigated before, insufficient efforts have been conducted to assess the leanness of a company from an operational perspective. In addition, there is no study on logistic and cross-functional drivers of SC. In this regard, recognising, classifying, categorising and applying the suitable metrics to properly screen and assess the leanness of companies from operational perspective is an important issue.
There is a gap in assessing the leanness of companies with regard to its operational activities of SC drivers. In other words, LM has been discussed in previous literature but the leanness assessment is less investigated. Thus, to address this gap, this study is conducted to assess the leanness of three manufacturing case studies focusing on diverse drivers of SC. Chiefly, logistic drivers of facility, inventory and transportation in addition to cross-functional drivers of sourcing, pricing and information were selected as the major components of any SC. Leanness related activities of these drivers were studied and a developed questionnaire of previous literature was applied to assess the leanness of case studies. Next, diverse leanness score of all SC drivers were calculated. Finally, an overall leanness index was correspondingly calculated for all three case studies of this study.
Therefore, the main motivation of this study is to answer the research question of how the leanness can be assessed practically and from an operational perspective. As an Implication for research and practice, the outputs of this research support practitioners and managers to emphasis on overall leanness index or only consider their preferred SC drivers. From another view point, once a manager or practitioner is concerned with leanness improvement of transportation, inventory or other drivers, it is possible to emphasis on that definite driver in place of seeing overall leanness index.
In summary, proposing an operational framework to assess the leanness is necessary. This framework can assist managers to estimate the quantity of leanness based on each SC driver. The scope of this research is restricted to the manufacturing companies of automotive industry. These companies are categorised as small and medium enterprises (SMEs) and are automobile part manufacturers. Though, the framework of study, methodology of the research, and outcomes are applicable to managers and researchers who aim to assess the leanness of their companies with regard to operational activities of SC. This research gives clue to lean-based operational activities of SC drivers, accompanied by addressing different leanness level for each driver. In addition, it provides a single unit index to compare the leanness of manufacturing companies of automotive industry. From the academic and practical features, to the best of our knowledge, this research contributes to provide novel perceptions to this area of knowledge.
Literature review
Today's competitive market has highlighted the importance of SCs. Therefore, this fact has motivated researchers to focus on SCs instead of companies. A SC is described as a process that transforms raw materials into products and delivers them to customers through specific activities (Si et al., 2008; Soleimaninanadegany et al., 2017) . It comprises of all units contributing, directly or indirectly, to satisfying the demand of customers (Chopra and Meindl, 2007) . From the business perspective, the SC is defined as the most important element of competitive advantage for any business or organisation (Simchi-Levi et al., 2004) . The ultimate objective of each SC is to receive the full benefit of all the generated values. Companies should manage the balance between efficiency and responsiveness to achieve a strategic position in the SC. In this regard, understanding the drivers of the SC is necessary. The logistical and cross-functional drivers of the SC include facility, inventory, transportation, sourcing, pricing and information. They must be considered in the SC decisions (Chopra and Meindl, 2007) .
Based on an old definition, supply chain management (SCM) is the administration of material and information which flows internally and among facilities including suppliers, manufacturing plants and distribution centres (DCs) (Thomas and Griffin, 1996) . SCM is an element that has lately achieved an excessive amount of consideration in the business world. SCM includes the quantity of decisions to satisfy the final-customer requirements (Seferlis and Giannelos, 2004) .
Lean implementation
Companies should set the same objective for their activities to remain competitive. In this regard, defining the same strategy for all echelons of SCs has been recommended in literature. A strategy is defined as a plan to arrive at a preferred future, such as a solution to a problem or achievement of a goal. More related to SCM, Chopra and Meindl (2007) defined SCS as a tool which determines the policies for the procurement of raw materials, the conveyance of materials between SC nodes, production and the delivery of the products to the customer. Proper implementation of SCS improves the SC performance (Gunasekaran et al., 2004) . Consequently, to remain competitive, the SCS should be translated into the operational activities of companies. LM guarantees significant advantages in terms of improved administrative and SC incorporation and communication (Scherrer-Rathje et al., 2009) . LM aims to produce the final products at the pace of customer demand with little or no waste (Shah and Ward, 2003) . The continuous improvement techniques and the reduction of waste, recognised as lean concepts, enables managers and practitioners to follow excellence.
A new concept has been created named as lean supply chain (LSC) by joining these two major management systems. Numerous cases of different industries have proved the effectiveness of the LSC (Husby and Swartwood, 2009; Manrodt et al., 2008; Plenert, 2010) . However, although the concept of the LSC has been discussed by many authors (Curkovic and Sroufe, 2011; Vickery et al., 2003; Towill, 2002, 2000; Christopher and Ryals, 1999) , its operational activities with regard to SC drivers have been less investigated. Therefore, identifying, classifying, implementing, and assessing the right activities of LM can be beneficial (Fawcett et al., 2014; Wieland and Wallenburg, 2012) . Consequently, identification of lean-related activities assists managers in checking the conformance of their companies based on the LM concept.
Based on Behrouzi and Wong (2013) , there is a necessity to assess the leanness since it is not possible to accomplish and recover what we are unable to measure. Just a few studies (Soriano-Meier and Forrester, 2002; Wan and Chen, 2006; Bayou and de Korvin, 2008; Singh et al., 2010) have considered the leanness assessment. From the previous literature, it can be concluded that there is a gap in assessing the leanness of companies with regard to its operational activities of each SC driver. In addition, one significant shortage of all these studies is their inability to address the single score of leanness. Therefore, proposing an operational framework to assess the leanness is necessary. This framework can assist managers to estimate the quantity of leanness based on each SC driver.
Leanness assessment
Following presents some important studies on leanness assessment (Azadeh et al., 2015) . Regarding the operational perspective, according to Melton (2005) and Azevedo et al. (2013) , leanness can be applied by using a quantity of methods including 5S, Kanban, takt-time, visual control, single-minute exchange of die (SMED) and poke-yoke. Furthermore, some researchers concentrated on the idea of LM and its advantages at production groups (Saurin and Ferreira, 2009 ). However, according to Singh et al. (2010) , few studies have been conducted in the area of leanness assessment in manufacturing companies. Following are major approaches used to assess the leanness (Azadeh et al., 2015) .
Houshmand and Jamshidnezhad (2006) applied process, design and functional factors to provide a model for appropriate design of LM system based on axiomatic design theory. Comparable to previous study, Abdulmalek and Rajgopal (2007) defined the lean principles used in a big steel mill company. They applied value stream mapping (VSM) to notice the occasions for numerous leanness assessment approaches. They similarly characterised a simulation approach to demonstrate the advantages of lean execution including decreased amounts of work-in-process (WIP) parts and reduced lead-time of manufacturing.
Dynamic evaluation is another technique used to assess the leanness. This method applies diverse patterns of metrics. Actually, based on Srinivasaraghavan and Allada (2006) , the approach needs variety of patterns of numerous conditions of system. Additional approach to evaluate the leanness is to control a substitute distance among present state and best performance of system in a relative assessment to compute the leanness level. Swamidass (2007) used the inventory level to sales value as a metric to assess the SC leanness. It is an easy approach to study and investigate outcomes by this ratio (the lesser the superior), however, this study focused only on inventory performance and neglected other perspectives of leanness. In another study, Wan and Chen (2008) provided a unitinvariant leanness metric in addition to self-contained standard to calculate the leanness degree in manufacturing SCs. Using data envelopment analysis (DEA) method, leanness metrics extract value-adding savings from a production process to provide a benchmark of leanness frontier.
Based on Qi et al. (2009) , the major objectives of leanness are to decrease cost and improve the competence by removal of waste in both interior and exterior procedures of the company. Based on Parveen and Rao (2009) , the major concentration of leanness is on removing waste or non-value activities all over the SC to allow the economic manufacturing of small quantities and improving cost lessening, improve the manufacturing flexibility, increase the profitability and attain internal production competences and setup time reduction. In addition to waste elimination, Mohammed et al. (2008) stated that leanness aims to develop value-added procedures as required by the customer.
Petersen and Wohlin (2010) developed a novel approach to consider lean and quality improvement practices. This proposed approach is recognised as process development by the aim of lean measurement. The approach permits performance assessment of process and regulates continuous actions required to attain an improved lean process in a specific time.
Based on Singh et al. (2010) , the leanness of manufacturers is an idea that joins numerous approaches of supporting LM techniques. In addition, they stated that leanness evaluation factors, as well as supporting internal company concerns such as lean practices, wastes and investment priorities should likewise cover inter-company concerns connected to its customers and suppliers. This is similarly showed by Demeter and Matyusz (2011) . Based on this study, lean practices support the whole company from lean growth, lean supplying process, LM and lean distribution.
Holden (2011) showed the variations happened in numerous departments after using leanness philosophies. Lately, some studies have made combined indicators (Hatefi and Torabi, 2010) . Seyedhosseini et al. (2011) implemented balanced scorecard (BSC) approach to provide a model for performance assessment of companies. Leanness assessment criteria were selected based on BSC approach. The proposed model of this study was capable to choose proper objectives and criteria for an organisation. Azevedo et al. (2012) proposed an agile and lean index to assess the leanness of companies in automotive industry. Delphi approach was applied to obtain experts' views for a set of weighted lean and agile metrics. They made a comparison with proposed agile and lean index. Vimal and Vinodh (2012) provided fuzzy hypothesis for leanness assessment with a new approach according to IF-THEN instructions. They proposed a model in a conceptual study and found three different factors of enabler, criterion, and attributes to define the strength of each criterion and provide some improvements.
Vimal and Vinodh (2013) applied fuzzy logic and artificial neural networks to manage the manual calculation glitches. They proposed a simulation-based approach for leanness evaluation and authorise the model with a case study of an Indian manufacturing company. Behrouzi and Wong (2013) developed an integrated model to assess the SC leanness of SMEs in the automotive industry. As a summary, this study was conducted to methodically calculate the leanness of a SC with the aim of some performance metrics. Principally, four performance categories (cost, quality, delivery and reliability and flexibility) in addition to 28 related metrics were chosen as substitutes of leanness. Azadeh et al. (2015) developed an approach on leanness evaluation by cognitive map and multivariate investigation. A heuristic algorithm is developed to attain a full degree of leanness. Next, a sensitivity analysis was conducted to find the influence of each leanness factor on LSCS. The proposed method is productive while using for a number of printing and packing companies, in Iran, as a case study.
It can be concluded that there is a gap in assessing the leanness of SCs with regard to its operational activities of SC drivers. In addition, one significant shortage of all these studies is their inability to address the single score of leanness. Therefore, proposing an operational approach as a guideline to assess the leanness in addition to its associated single score is necessary. This approach can guide managers to estimate the quantity of leanness based on SC drivers. Limitations of the previous approaches include the comprehensive nature of the tools. First, whether the organisation operates in a service or manufacturing industry may make some differences in applying the approach, considering that some performance dimensions contain an industrial bias in the proposed approach. Second, the companies may prefer to give a weight to each performance indicator.
Narayanamurthy and Gurumurthy (2016a) conducted a comprehensive literature review on leanness assessment. According to this study, the quantity of conducted studies on leanness assessment is low in comparison with lean implementation. Leanness assessment approaches are very wide, changing from simple qualitative checklist to compound quantitative mathematical approaches. Subsequent to the lean implementation trend, lean thinking is also shifting from process-level monitoring to enterprise-level monitoring. In another study by same authors, Narayanamurthy and Gurumurthy (2016b) developed an index for facilitating continuous improvement of lean implementation. The goal of this research was to designate a leanness assessment approach to consider the interaction among lean components to calculate the systemic leanness and for supporting continuous improvement of lean implementation Based on the literature review, there are numerous metrics to evaluate the leanness. However, these metrics only assess the output of implementing the lean techniques. In other words, once the LM tools were implemented, these metrics can be used. Additionally, none of these approaches provide a categorised perspective based on SC drivers which are more significant and tangible for the managers and practitioners. Therefore, providing this framework can assess the leanness of companies or match the companies' current tasks to operational activities of LM. 
Research methodology
This section argues the procedure of this research by illuminating the steps shown in Figure 1 . The first phase comprised the process of reading about SCS. Leanness was concentrated and selected as a common strategy applied in previous studies. The extracted activities were then categorised based on the major perspectives of leanness. As mentioned before, the suggested framework comprises the lean-based operational activities of each SC drivers. These drivers include facility, inventory, transportation, sourcing, pricing and information. According to our previous study, Galankashi and Helmi (2017) , leanness can be assessed from operational perspective. In this study, the proposed activities were classified based on the major perspectives of LM (flexibility, cost, quality, delivery and reliability). The proposed framework was translated into a questionnaire to be used for assessing the leanness of manufacturing companies. This benchmarked questionnaire included 35 questions as the representatives of 35 proposed activities for the aim of assessing companies' leanness (see Tables 1-7) . Each question had five Likert-scale answers to be filled by the operation/production manager of the companies. The questionnaire was filled using interview to provide more explanation to production managers.
Applied framework
In our previous study, Galankashi and Helmi (2016) , a new framework was proposed to assess the leanness from operational perspective. This study provided a novel assessment tool for the operational activities of LM. The operational activities of logistic (facility, transportation and inventory) and cross-functional (information, sourcing and pricing) drivers were used to propose the lean-related activities. The most important activities of each SC driver are tabulated in Tables 1-7 . Based on Tables 1 and 2 , the majority of lean-based operational activities of facility driver (layout and location) are a function of flexibility. Regarding the manufacturing context, flexibility is classically relates to mobility, uniformity and range. On the other hand, it is related to the numerous situations that a system can implement different plans, the capability to interchange from one product to another and the aptitude to achieve its predefined objectives (Slack, 1983; Upton, 1995; Stevenson and Spring, 2007) . In the context of this research, minimising the waiting hours of machines, OWMM and application of lean tools can lead to layout flexibility. In addition, continues improvements rules, DCs location, CONWIP and using VSM help the managers to improve the flexibility of their facility location (Ziaei et al., 2013) . Based on Table 3 , the majority of lean-based operational activities of inventory are a function of flexibility. Regarding the inventory context, inventory flexibility is a form of post-production flexibility. Other examples of post-production flexibility are customerdriven product substitution and dynamic pricing (Iravani et al., 2009 ). In the context of this research, all activities of Table 3 are related to the flexibility of inventory. In addition, all activities of Table 4 are related to cost. This can be interpreted as the importance of cost in lean-based transportation of manufacturing companies. Based on Table 5 , the majority of lean-based operational activities of sourcing are a function of flexibility. Regarding the sourcing context, sourcing flexibility is a vital component of SC flexibility (Vickery et al., 1999; Duclos et al., 2003; Sánchez and Pérez, 2005; Lummus et al., 2005; Kumar et al., 2006) . Based on Kumar et al. (2006) , it is the capability of the suppliers to control the supply levels (increase or decrease). This process should be done economically and with no extra time (Galankashi et al., 2016a) to satisfy the demand of customers (Galankashi et al., 2016b (Galankashi et al., , 2016c . In the context of this research, almost all activities of Table 5 are related to the flexibility of sourcing. In addition, all activities of Table 6 are related to cost. This can be interpreted as the importance of cost in lean-based pricing of manufacturing companies. Based on Table 7 , the majority of lean-based operational activities of information are a function of flexibility. Regarding the information context, from the perspective of Angel and Manuela (2005) , information flexibility is the capability to support systems and architectures of information system with the varying information requirements of the business as it satisfies the varying demand of customers. In the context of this research, almost all activities of Table 7 are related to the flexibility of information. Cost, quality, delivery and reliability are other perspectives of lean-based information activities as tabulated in Table 7 .
Results and discussions
The suggested assessment tool was converted into a questionnaire to be employed for measuring the leanness of three manufacturing companies of automotive industry. This proposed questionnaire comprised 35 questions as the substitutes of suggested lean-based activities tabulated in Tables 1-7 . Initially, three manufacturing companies of automotive industry were selected to check the accordance of their activities to the proposed activities of this research. A direct view of the companies was conducted and some interviews were done with their operation managers. The frequency of all activities were determined and divided by their maximum possible score (35 * 5 = 175). Next, the leanness score of each company was determined. In addition, the leanness of each company is calculated based on each SC driver. Figures 2-8 shows the result of this step.
As it is shown in Figure 8 , company 2 has the highest degree of leanness in comparison with other two companies. Also, company 2 has the best performance with regard to each driver (Figures 2-9 ). According to an interview with the production manager of this company, their good performance and subsequently the highest leanness score is mainly related to the adoption of just in time (JIT) approach in the company. The proposed approach of this study can be utilised to evaluate a company's success level in implementing LM in comparison with other similar organisations. Nowadays, several techniques have been developed for this aim. However, these techniques have shortcomings (Azadeh et al., 2015) . Based on Narasimhan et al. (2006) , empirical investigation and case study analysis can be applied for leanness assessment. In addition, based on Purvis et al. (2014) , leanness is affected by different sectors of market. Previous researches on leanness (Seyedhosseini et al., 2011; Azevedo et al., 2012; Azadeh et al., 2015; Zarei et al., 2011; Eroglu and Hofer, 2011) have focused on different research areas including food industry, environment, manufacturing, etc. In today's compound managerial atmosphere, there are numerous measures decisions concerning different principles including cost, time, quality, customer and other subjects. In these examples, both qualitative and quantitative approaches are helpful to see all these measures simultaneously. In this study, there were three sets of principles that required to be seen in the research process which are defined as follows. Initially, based on Chopra and Meindl (2007) , the logistic (facility, inventory, transportation) and cross-functional (sourcing, pricing, information) drivers of SC should be considered in SC decisions. Therefore, the lean-based operational activities of each SC driver were extracted from previous literature. Second, based on a study conducted by Behrouzi and Wong (2013) , the major perspectives of leanness include flexibility, cost, quality, delivery and reliability. Consequently, these four perspectives were considered to categorise the leanbased operational activities of each SC driver. Third, the suggested assessment approach developed by Galankashi and Helmi (2017) was employed for measuring the leanness of three manufacturing companies of automotive industry. Next, the score of each company was determined. In addition, the leanness of each company was calculated based on each SC driver. Consequently, with regard to the above discussion, the suggested framework and the results of this study can be helpful and consequently applicable in related studies.
Conclusions and future research
This study developed a framework to assess the leanness of companies of the automotive industry to answer the research question of assessing leanness from an operational perspective. LM has been discussed in preceding studies but the leanness assessment was less studied. Consequently, to fill this gap, this research was conducted to evaluate the leanness of three manufacturing companies considering diverse drivers of SC. Mainly, three logistic drivers of facility, inventory and transportation in addition to three crossfunctional drivers of sourcing, pricing and information were designated as the main elements of SCs. The lean-related activities of each driver were recognised and applied for assessing the leanness of companies. Following, different leanness level of each SC driver was calculated, accordingly. A total leanness index was similarly computed for each company. As a managerial insight, the result of this study can be used to either implementing a LM system or assessing the current leanness of manufacturing companies. As an implication for research, following our previous study, Galankashi and Helmi (2017) , this study aimed to show the practical applicability of proposed framework to assess the leanness of manufacturing companies. As another Implication for practice, the results of this study assists managers to focus on total leanness level or only considering their desired SC drivers. In other words, when a manager is interested in improving the leanness of transportation, inventory or any other SC driver, it is possible to focus on that specific area instead of considering total leanness level. However, although this study focused on different drivers of SC, it did not focus on numerous case studies to check its applicability in a bigger scope. This can be interpreted as a limitation of this research. As a direction for future research, the proposed framework of this study can be used in other industries to check its applicability. In addition, the procedure of this study can be repeated for other SC strategies.
